Blocks of the kidney and other organs of the guinea pig fixed with glutaraldehyde and treated with tannic acid and osmium tetroxide could, without any coating, be observed in the scanning electron microscope. Undesirable charging effect was inconspicuous when accelerating voltage 5-25kV was used. A scanning image of the renal glomerulus was shown and the details of the method were described.
carbon and gold or other metals for ample secondary electron emission from the specimen surface and for avoidance of undesirable charging effect. This coating, however, covers the surface fine structure and affords only the observation of "snowcovered scenery".
To avoid the charging effect in the use of uncoated biological specimens, a metal impregnation method using tannic acid and osmium tetroxide was recently devised in our laboratory. In this paper the details of the method will be described.
Material and Methods
Small blocks of the kidney, intestine, spleen and muscle were taken from adult guinea pigs which had been perfused through the thoracic aorta with Ringer solution and with a 0.1M phosphate buffer containing 2% glutaraldehyde (pH. 7.4). They were then immersed for 24hrs in 2% glutaraldehyde in a phosphate buffer (pH. 7.4), washed for 24hrs in buffer (pH. 7.4), immersed for 24hrs in a 0.1M phosphate buffer containing 2% tannic acid (pH. 5.0), washed for 24hrs in buffer (pH. 5.0) and postfixed for 6hrs in 2% osmium tetroxide. The specimens thus treated were then washed thoroughly in distilled water, dehydrated through a graded series of acetone, dried in air and observed without any coating under the scanning electron microscope (JSM-2* and JSM-U3**, Japan Electron Optics Laboratory Co. Ltd., Tokyo, Japan) using accelerating voltages of 5kV and 25kV.
Results and Discussion
The specimens treated with tannic acid and osmium tetroxide by the method described above could be viewed directly under the scanning electron microscope without marked charging effect at 25kV as well as 5kV. A scanning image of the renal glomerulus is shown in Figure 1 . As seen there, an adequate contrast is obtained even at high magnifications and such fine structures as the foot processes * Kuraray Central Research Laboratories, Kurashiki, Japan ** Central Research Laboratory of our school of podocytes are clearly observed. Some attempts to impregnate metals for direct observation of biological specimens under the scanning electron microscope have been made by dipping them in solutions of gold chloride, phosphotangstic acid, lead acetate and other metallic salts (JAQUES et al., 1965; IDLE, 1971; PANESSA and GENNARO, 1972; and others) . Our method, characterized by the use of tannic acid and osmium tetroxide, is much more advantageous, making the specimens conductive enough for scanning electron microscopy at high accelerating voltages and hardly producing any crystalline contamination of metals.
Our method will be also of much avail in various perspectives using scanning electron microscopes including those provided with a micromanipulator (cf. BOYDE, 1972) . The metal-impregnated specimens may be microdissected either within (when a micromanipulator is built in-cf. also BOYDE, 1972) or outside the scanning electron microscope as often as desired and observed without coating the newly exposed surfaces.
It is now being attempted in our laboratory to reveal the mode of connection between the arterioles and sinuses within the spleen by microdissecting them in the scanning electron microscope.
It is well known that tannic acid reacts with proteins to form tannic acid-protein complexes (e.g., albumin tannate) and that it reduces metals (cf. STECHER et al., 1968) . The effects of tannic acid and osmium tetroxide used in the present method may be accounted for as follows: treatment with tannic acid will cause the formations of complexes of tannic acid and certain tissue elements such as proteins and polysaccharides, and the successively used osmium tetroxide may react upon bound tannic acid and bound glutaraldehyde on one hand and, on the other hand, upon tissue elements such as proteins and unsaturated lipids. This triple reaction of osmium tetroxide will cause an impregnation of much more bound osmium oxides (mainly dioxide) than in the usual method. The conductivity of the specimens is thus assured. It should be noted that the specimens solely fixed with osmium tetroxide were not suitable for observation even at the accelerating voltage of 5kV and that the specimens treated with glutaraldehyde and osmium tetroxide could be viewed at this voltage without charging.
Sole fixation with tannic acid seemed inadequate as it did not preserve the tissues well. Treatment with pyrogallol enhanced the osmium stain, but it did not afford the observation at 25kV.
Recently, MIZUHIRA and his co-workers described that the mixture of glutaraldehyde (or formaldehyde) and tannic acid (or catechin) was a good fixative for transmission electron microscopy, affording the fixation of proteins with low molecular weight and other substances which could not be precipitated by ordinary glutaraldehyde fixation FUTAESAKU, 1971, 1973; MIZUHIRA et al., 1972a, b; FUTAESAKU and MIZUHIRA, 1973) . The use of that mixture, however, is not always recommended for scanning electron microscopy as many muddy substances precipitated by this mixture mask the surface structures.
Additional staining with ferric chloride (or uranyl acetate) and/or lead acetate (nitrate), usually adopted in ultrathin sections, is also not recommended as many crystals or deposits of these metals occur within or on the specimens.
Undesirable deposits or crystals also occur when the specimens were treated with gold chloride, palladium chloride and other metallic salts including silver nitrate which was used in staining of tannin treated sections for light microscopy by ACHUCARRO (1911) and others particularly for the study of nervous tissues, connective tissues and cell organelles (cf. ROMEIS, 1948) . LEDINGHAM and SIMPSON (1972) stated that treatment with p-phenylenediamine after osmium fixation intensified the osmium stain and that the kidney and myocardium of the rat and other animals treated by their method could be scanned in a very short time. The effect of a combination of our method with that of LEDINGHAM and SIMPSON is now under study.
It is added in closing that the specimens prepared by our method did not show much shrinkage in spite of air-drying. Additional very thin metal-coating may be necessary to obtain more highly resoluted images than shown in the figure.
